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Abstract—In this work we evaluate the performance of routirg
protocols for mobile ad hoc networks using differeh physical
layer models. The results obtained show that the permance
results obtained using idealized models such as tHeee space
propagation model vary significantly when propagaton effects
such as path loss and shadowing are considered. Shiifference
in performance indicates that optimization is requied in the
protocol development space that takes into accourhannel state
information (CSI). Such an optimization requires across layer
approach to be adopted and a framework for protocol
performance evaluation to be established. We believthat this
work would serve as a first step in this direction.We provide
comparative performance results through network sinalations.
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. INTRODUCTION

Mobile Adhoc Networks (MANETS) are self-organizing
and self-configuring multi-hop wireless networkspahle of
adaptive re-configuration as effected by node nitgbil
Typically the network is made up of equal nodest e
equipped for wireless communication and with nekivay
capability. Every node in the network is capabléuoictioning
as a mobile router (i.e., maintain routes & forwgatkets),
which makes possible the multi-hop forwarding ofchms
from a source node to a destination node withdianee on a
fixed infrastructure. All nodes share the same oamdiccess
wireless channel. With almost all development iforimation

technology being based on wireless technology, ad h

networks are expected to play a significant rolefuture
communication networks where wireless access tachktmne
is either ineffective or impossible.

Routing in MANETSs has received significant attentio
the research community over the past few years fi&s seen
the development of several routing protocols. Riea@as well
as on-demand routing schemes have been propo$egature
[1]. The performance evaluation of these protocbks
invariably focussed on the impact of node mobility the
performance of these protocols. The mobility modsisd have
been varied ranging from individual to group mdilinodels.
Further, each of these performance evaluationsasssmed a
free space propagation model ignoring the timeingrgspects
of the wireless channel and its properties suclpah loss,
multipath fading and shadowing. This is reflectad the

assumption a fixed transmission range for each rniodde

network. In a real world deployment a fixed transsion range
is not achievable. As a result the performance lofsé

protocols are less than optimal and do not guagathte same
level of performance in real world deployments.

Next generation networks (3G & beyond) are envisibto
support real time services making use of WLAN, syt and
ad hoc network technologies. A real-time flow igjuieed to
deliver data packets with strict timing requirenseritience,
there is a requirement for optimised routing protoc
performance. However, achieving quality of servi€goS)
requirements will be impossible if route constrantiand
maintenance procedures do not take into accounttithe
varying characteristics of the wireless channetlisas channel
capacity). This optimisation can also be extendedother
spheres such as cooperative diversity [2] that banefit
application performance in an opportunistic manfgis is
only possible if a cross layer approach is adopBedss layer
design is best defined as a departure from therersfe
architecture model that does not allow direct comication
between non-adjacent layers or the sharing of Masa(e.g.,
TCP/IP or OSI) [3].

In this work, we do not present an optimised rautin
protocol using the cross layer approach. Ratherprgsent a
case for such an approach by evaluating the pegioreof six
different ad hoc routing protocols using propagatinodels
that take into account two main characteristicshef wireless
channel — path loss and shadowing. We present aarson
between the performance of the protocols in thisngeand in
the idealised free space propagation setting thrawefwork
simulations.

In Section Il we present a short overview on ad tooting
protocols. In Section Ill we present an overview tbe
propagation models used in our simulations. SedWodetails
our simulation study and discusses the results &éttion V
concluding the work.

II.  ROUTING INMANETS

Routing in ad hoc networks faces extreme challefiges
node mobility/dynamics, potentially very large nwmbof
nodes and limited communication resources (e.qd\alth
and energy)[1]. This has prompted significant aesle in this



domain. In this section we present a high levelvwig six
routing protocols. The reader is directed to thecH
literature for a more in depth treatment.

A. Ad Hoc On Demand Distance Vector (AODV)

AODYV [4] is classified as a pure on-demand routguésition
system since nodes that are not on a selected duathot
maintain any routing information or participaterauting table
exchanges. AODV typically reduces the number oluireg
updates by creating routes on-demand as opposed
maintaining a complete list of routes to all destions. In
AODV when a route to a destination is required andalid
route is not available, a route discovery procesitiated.
The source broadcasts its request to its neighbwlbosin turn
forward it to their neighbours and so on. To redtieeroute
discovery overhead the request is dropped if agrnmtdiate
node that receives the request has a valid routeh¢o
destination. If not the request propagates unéldbstination
is reached.

AODV employs backward learning (i.e., on receivilg
request the transit nodes learn the path to theceguwhich
enables the destination to send the route reqeest along
the path taken by the query. The intermediate ndtias
receive the route reply set up active forward rsute their
routing tables that point to the node that gendrdte route
reply. This path of active forward routes becomtas toute
that is employed. Once a route has been chosers it
maintained as long as it is in use by the sourcknlé&failure
or topology change is reported recursively througth
intermediate nodes to the source, which triggecthesm route
discovery process to identify an alternate route.

B. Dynamic Source Routing(DSR)

DSR [5] is on-demand routing protocol that is sedrttiated.
The sender explicitly lists the route in the patkdteader,
identifying each forwarding “hop” by the addresstioé next
node to which to transmit the packet on its waythe
destination host. The DSR protocol
mechanisms: Route Discovery and Route Maintenance.

In DSR each node receiving a route request chiglcache
to see if it possesses a valid route to the deagimaf not it

adds its own address to the route record of theesigpacket
before forwarding. A route reply message is ingihatin

response to a route request by either the destmatide or an
intermediate node that has a valid route to théirdg®n. In

the route reply message the destination node pesvitie
source with the route record from its correspondingte

request. The route reply message can be returriedr iy

source routing from the destination node back & gburce
node or by route reversal in the case of symméirks being

used. Otherwise a route discovery process for dbeerreply
message is to be initiated. In the event of linkufe, route
reconstruction can be delayed if the source haslt@nnate
route to the destination. If not route discoveryuldoneed to
be initiated. The overhead of the route discovergcess
increases linearly with the number of nodes inrtiivork.

C. Location Aided Routing (LAR)

Location Aided Routing (LAR) [6] is an on-demanditurcol
based on source routing. The protocol uses location
information to define the Expected Zone and theugstjZone
to aid in route discovery and in limiting the fland area.
LAR performs route discovery through limited floodi -
reducing the number of route request messageseXjected
zone of a node D with respect to a node S is tg®mein
which node S expects to find node D at a tim&his can be
¢alculated if the location L of node D at tigeahd its average
speedv are known. The expected area is the circle of sdiu
(t-tg) centred at L. If node S is not aware of the presi
location of D then the entire region of the ad network is
considered to be the expected zone. The request Bon
defined so that a node forwards the route requelst ib it
belongs to the request zone. The request zoneinuistie the
expected zone to ensure that the request wouldh réae
destination. In some cases when S is outside thectad zone
it is necessary to include areas outside the ezgenbne. S
and D must both belong to the request zone. Ifta pannot
be found within a predefined time period then thsire
network space is included in the following routguest. The
probability of finding a path increases as the esfuarea
increases. However the route discovery overhead als
increases with the size of the request zone. In lsBReme 1,
the request zone is defined as the smallest rdetahgt
?ontains the current location of the source andetkgected
zone of the destination such that the sides ofebtangle are
parallel to the co-ordinate axes. The source relermines
the four corners of the rectangle and includesr tlosi-
ordinates in the route request message. A receinoug is
thus able to determine if it is in the request zand forwards
or discards the route request accordingly.

D. Landmark Adhoc Routing Protocol (LANMAR)

LANMAR [7] has been proposed for large scale ad hoc
networks that exhibit group mobility characteristic

consists  of WO there exists a commonality of interest then tlogles of the

ad hoc network will move as a group (e.g., battelion
military situations). In that case it is possible identify
logical subnets. Each logical subnet elects oniésafiodes to
act as a landmark and these are used to keep d¢faekch
subnet. Routing information regarding all landmariss
propagated by a distance vector scheme such as O8pV
LANMAR also incorporates a local scope routing sobefor
routing within a given scope D for a node. Eachendas
detailed topology information about nodes withis lbcal
scope and a distance and routing vector to all nemids.
When the destination is within the local scope then FSR
[9] routing tables are used. If the destinationoigside the
scope then the packet is routed to the destindéindmark.
Once the packet arrives within the scope of thdimson
then routing using the FSR routing information ésumed.
LANMAR employs an IP like address consisting of yrdD
(subnet ID) and a host ID <GroupID, HostID> to itigneach
node. LANMAR reduces both routing table size andti



overhead effectively through the localized routtaple and
grouped routing table for remote destinations.

E. Fisheye State Routing (FSR)

FSR [9] is a link state (LS) type proactive protoemploying
a flat view of the network topology.

A. Free Space Propagation

The free space model [12] represents the commumicednge

as an imaginary circle around the transmitter. teeeiver is
within the circle, it receives all packets; otheswyiit loses all
packets. This model is mostly used when a MANET is
employed in an open-field like environment.

FSR maintains topology information at each node andhe free space propagation model assumes the ideal

propagates periodical link state updates to itght®urs. The
LS information is not flooded to the entire networkhe
exchange of link state information is periodic eaththan
event-driven, which avoids frequent link updates an
environment of unreliable wireless links and higlohifity.

Broadcast of routing information is scaled withereihce to
the distance to the destination. Update of routesloser
destinations is more frequent than updates foresotd distant
destinations. FSR provides precise and efficienting to the
immediate neighbourhood but increases in impretisio
distant destinations.

F. Zone Routing Protocol (ZRP)

ZRP [10] is a hybrid routing protocol that emplopsth
proactive and on-demand routing strategies and dions
combine the advantages of both. Each node in th&one
defines a zone centred on itself in terms of numdfenops.
For every destination that is within the zone theden
maintains proactive routing information while faegdinations
outside the zone no routing information is mairgdinWWhen
an inter-zone connection is required an on-demanuding
strategy is employed. The protocol essentially e&lenup of
the proactive Intra-zone Routing Protocol (IARPY ahe on-
demand Inter-zone Routing Protocol (IERP). IARP barany
LS or distance vector routing protocol. IERP usesite

discovery mechanisms similar to an on-demand rgutin

protocol. When a route to a destination is not kmdixe., the
destination is not within the zone) IERP broadcastoute
request from the border nodes of its zone. Rowjaasts are
broadcast only from one node’s border nodes to ather

border nodes until a route is found for the intehdestination
(i.e., a node whose zone contains the destinatidhg

Bordercast Resolution Protocol (BRP) [11] is emplbyfor

this type of route request broadcast. The hybriges® limits

the on-demand route request overhead to only seldmirder
nodes.

lll.  PATH LOSS ANDSHADOWING

The aim of a propagation model is to predict theene=d
signal power of each packet. The received signakepo
impacts on the ability of the receiver to decode teceived
packet and is dependent on the path loss thapisriexced as
well as other effects of the wireless channel sasBhadowing
and fading. For an accurate estimate of the path tbat is
experienced various models including empirical nidave
been proposed [13]. We present the two path lostetadhat
are used in our simulations. Further we also pte$en
shadowing models that are used — lognormal shadopwaim
constant shadowing. Free space propagation modslame
zero shadowing.

propagation condition, where there is only one rcleee-of-
sight path between the transmitter and the receiVbe
transmission loss is due to the propagation distamialy.
Giving a distance d between the transmitter andreeiver,
the received signal power,(8) is given according to Friis
free-space equation

_RGG F
Rld)=—"—"—5—
(@) L
, Where Ris the transmitted signal power; &d G are the
antenna power gain of the transmitter and of theeiver
respectively, a constant L is the system loss dndis the
wavelength. So, the path loss is

PL(d) = —10Iogl{EJ = 20Iog10(4;uj +C

t
, where C is a constant.

B. Two Ray Ground Reflection

The two-ray ground reflection model [12] considbrgh the
direct path and a ground reflection path, whemglsiline-of-
sight path between two nodes is accurate enougla lanhg
distance, the two-ray ground reflection model gilve more
accurate prediction than the free space model. rébeived

power at distance id
P [G, [G, I1112 h?
I'(d) L ! d4

, where h and h are the heights of the transmitter’s and the
receiver's antenna respectively. This equation cadis a
faster power loss than the free space propagatameimwhen
the distance increases. The two-ray ground reflacthodel

works better when d 47 h, / A. The path loss is

PL(d) =-10lo —|=20lo 7d i +C
glO Pt glO ht [ﬂlr
, where C is a constant.

C. Constant Shadowing

The free space model and the two-ray ground réflechodel
treat the received power as a deterministic functif
distance, and treat the transmission range aseah gifcle. In
fact, the received power at certain distance isaadom
variable rather than a constant. On the other hhed;onstant
and the lognormal shadowing models extend the idieele
model to a statistic model: Mobile nodes can only
probabilistically communicate when they are neard¢lge of
the communication range.

The constant shadowing model [12] is a path lossleho
similar to the free space model and the two-rayugdo
reflection model, which also predicts the mean irexkpower



at distance d denoted B}/(d). It uses a close-in distance d To illustrate the impact of path loss and shz?\dovdngouting
protocol performance we plot the 3 metrics of iesérfor

as a reference poinE, (d) is calculated as AODV in Figures 1-3. Results for the other protacaire
P (d,) d B presented in Table 1. In Figure 1, we see the girput
r\~o/ — [j observed across the network for the six scenatisexpected
R (d) do the ideal model (free space with no shadowing) give the

, where Rd,) is obtained by following the free space modelbest performance. In the free space propagationeimod

and B is called the path loss exponent. The path los@ssuming a circular static communication range aherage

throughput observed is more than 4000 bhits/sec.
exponent S is usually empirically determined by field ghp

measurement — larger values correspond to moreuctisns 4500 ACDY Throughput (bits/Sec)
and hence faster decrease in average received pasver 4000 @ Constant
distance becomes larger. In addition to the path RL(d) of ® Lognormal
non-shadowing models, the new path loss becomes . orene
B & 3000
PL(d) = —lOIOglO(PrJ = —10Ioglo[(d°J M] = 5 2500 —
R d R s
22000 —
dO 51500 I
10,6’Ioglo[ 1 j+ PL(d,) £ oo |
D. Lognormal Shadowing 5001 .
The lognormal shadowing model [12] takes accounthim 0 FREESPACE ‘ TWORAY
variation of the received power at certain distantbe Pathloss Model
variation is a lognormal random variable, and isGafussian Figure 1. AODV variation in throughput
distribution. The path loss of the lognormal shaichgnwmodel
is described based on the constant shadowing nasdel 05 AODV end to end delay (sec)
PL(d) = —10,6’Iog[d°j +PL(d,) + X5 045 o oo
d 0.4 ONone
, where Xg is is a Gaussian random variable with zero mean g 0.35
and a standard deviatiafy;. And Oy is called the g 03
shadowing deviation and is obtained by field meas@nt % 0.25 1
similar to 3. s 02
T 015 o
IV. SIMULATION STUDY Yoo .
We performed simulation study of the routing praisc 0.05 S_—
making use of the Qualnet 3.9.5 simulation tool.eTh 0 :
simulation environment consisted of a mobile ad hetwork FREESPACE 1 te  TWORAY
of 50 nodes in a network area of 1500m by 1500ne Th
network layout followed a random deployment to datel a Figure 2. AODV variation in end to end delay
real world deployment and each node was capable of AODV Average Jitter (560)
movement from its initial position following the rmdom 25
waypoint mobility model [1]. We simulated six diffat @ Constant
scenarios using a combination of the two path losslels ) o ool
(free space and two ray ground reflection) and ehre
shadowing models (none, constant and lognormal)e Th g
idealised scenario is the free space model withsti@@lowing 5 e ] ]
model set as ‘none’. In each scenario we simuldted £
Constant Bit Rate (CBR) sources that generatedicrad a 2 1 S
specific destination with a mean interval of 1sad a packet g
size of 500bytes. Each simulation run was for 3 sd the 05 -
results presented are averaged over 20 simulatios with
random seed values. Our metrics of interest wezeatlerage .
throughput (bits/sec), average end to end delag) (sad 0 FREESPACE ‘ TWORAY
average jitter (sec) calculated at the destinatioAd Pathloss Model

calculations are done at the application layer. Figure 3. AODVvariation in jitter



TABLE I. PROTOCOLPERFORMANCE
Path ) T/put Delay Jitter
Protocol Loss Shadowing (bits/sec) (sec) (sec)
Constant 4368 0.1120 0.9278
Free
Space Lognormal 4342 0.0543 0.052
DSR None 4338 0.0493 0.0486
Constant 4289 0.1159 0.092)
Lg‘; Lognormal 4357 01179  0.094%
None 4332 0.0818/ 0.055
Constant 2142 0.0655 0.065p
Free
Space Lognormal 2357 0.0708 1.4041
None 3582 0.0434| 0.368
LANMAR
Constant 1627 0.0641 1.692p
E’;‘; Lognormal 891 00538  1.0821
None 2221 0.0626 1.342
Constant 4096 0.2139 1.488B
Free
Space Lognormal 4375 1.4679 1.3337
LAR None 4418 0.1303]  0.0921
Constant 3821 0.6334 0.7904
E’;?, Lognormal 5087 3.3087| 2.0168
None 4064 0.2644|  0.442¢
Constant 2614 0.0912 0.7806
Free
Space Lognormal 1493 0.0961 2.1641
None 3689 0.1354| 0.541%
FSR
Constant 753 0.0133 0.1978
TR";?, Lognormal 318 00314 0.274
None 2517 0.0517| 0.167
Constant 2464 0.0938 0.8541
Free
Space Lognormal 1491 0.0932 2.0171
None 3191 0.0572 0.417
ZRP
Constant 2826 0.0634 0.4718
E’;‘; Lognormal 1006 01482 1.927%
None 2988 0.0869| 0.702

Compared to this ideal scenario the results obtisim¢he free
space propagation scenario with constant and |oggor
shadowing effects are significantly lower (aroun@0G
bits/sec and 2300 bits/sec respectively). Theadniwst a 50%
difference in performance between the ideal sceramd the
free space with lognormal shadowing model. A sintiland is
observed using the two-ray ground reflection maeiwell.
The difference between the ideal scenario and thstwease
scenario (Two Ray with lognormal shadowing) is mthran
70%. This drastic reduction in performance doesbooie well
for the scheme in real world deployments. Simitends are
observed across all protocols and across the threteics
(with some exceptions). Further these results aithout
including additional factors that will affect theiality of the
signal that is received such as fading effects amedther
conditions. It is our observation that the mainsmafor this
drastic difference in performance is the use officient path
metrics (such as hop count or distance) in theutation of
best routes to a certain destination. A drawbackmaist

routing protocols is their failure to take into aoat the
current quality of a link during the route constion phase.
The time varying nature of the channel and the asgitric
nature of links make this a non-trivial problem.rtRer, in
energy constrained networks such as MANETs andosens
networks, the residual energy available in eactenuekds to
be considered and included in the path metric value

V. CONCLUSIONS ANDFUTURE WORK

In this work we have presented a need for routirgqggol
designers to take into account the physical chariatcs of
the channel during the route construction phaser Ou
simulation results prove that the performance oe@iwhen
physical layer properties such as path loss andostiag are
considered is drastically different in comparisontte ideal
scenario. This requires path metrics that take actmunt CSI
to be developed and included in well establishedtimg
protocols for all practical purposes. In our futwerk we will
extend this study to include other factors suchchannel
fading. We will use the Rayleigh and Ricean fadingdels
for this purpose. Further we hope to develop aitiefft path
metric that takes into account the current statehefchannel
and the quality of the link. We also hope to explor
opportunistic routing strategies that a cross lapgroach can
make possible.
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